Introduction {#S0001}
============

BC is one of the most common urological malignancy, and its global incidence is rising.[@CIT0001] Although multiple treatments have been gained, the 5-year survival rate of BC patients is still dissatisﬁed.[@CIT0002] About 33--75% of patients with BC failed to respond to therapy due to the disease relapse or metastasis.[@CIT0003] Biomarkers are surrogate markers of increase or decrease clinicians suspect that future clinically important events, such as cancer episodes, recurrence, progression, or patient death, will or will not occur, and/or specific treatments will reduce the risk of such events.[@CIT0004] Predictive markers identify patients who may benefit or progress from certain additional therapies. Therefore, researchers urgently need to understand the occurrence and progress mechanism of BC disease to make corresponding treatment plans. Owing to about 75% of BC cases are non-muscle invasive.[@CIT0005] Regarding prognosis, 30--80% of non-muscle invasive BC will recur and 1--45% of cases will progress to muscle invasive form within 5 years.[@CIT0006] The risk of recurrence and progression increases with the stage, the grade of malignancy, the size and number of lesions.[@CIT0007] Therefore, we should make corresponding treatment plans for BC patients. Confirmation of specific tumor suppressor gene regulation contributes substantially to the initiation, proliferation and metastasis of BC, and these findings have led researcher to explore new therapies based on targeted gene therapy for cancer.[@CIT0008]

MiRNAs are a cluster of small endogenous noncoding RNAs composed of approximately 19\~24 nucleotides that regulate target gene expression.[@CIT0009] MiRNAs play a considerable role in tumor cells growth, differentiation, metastasis and apoptosis.[@CIT0010],[@CIT0011] Increasing evidence has showed that miRNAs are participated in the progression of multiple types of cancers, including BC, gastric cancer, hepatocellular carcinoma and glioblastoma.[@CIT0012]--[@CIT0015] According to the above research results, miRNAs are considered to be pivotal regulator of gene expression.

In human research, miR-132 has been reported to regulate the progression of cancer cells. In ovarian cancer, miR-132 can suppress the cell proliferation, migration and invasion by targeting E2F5.[@CIT0016] In glioma cells, miR-132 can lead to caspase-dependent apoptotic death.[@CIT0017] In colorectal cancer, downregulation of miR-132 expression is associated with poor prognosis.[@CIT0018] However, there are few studies on the regulation of miR-132 in BC, the potential molecular mechanism of miR-132 in BC progression remains largely unclear.

Previous studies have demonstrated that the TGF-β signaling pathway can promote cancer development and progression by increasing cancer cells motility, invasiveness and metastasis, and inducing epithelial-mesenchymal transition (EMT).[@CIT0019],[@CIT0020] However, previous studies have also shown that this signaling pathway has tumor-promoting activity and tumor-inhibiting activity, so its role is double-sided, depending on the stage of cancer and the cells involved. Of course, previous studies of the TGF-β signaling pathway have been known to play an important role in BC.[@CIT0021] At the same time, TGF-β-induced Smad signaling pathway is also in-depth in controlling tumor metastasis, increasing motility, invasiveness, and complex and diverse responses of EMT.[@CIT0022],[@CIT0023]

In this study, we focus on the role of miR-132 in BC cells metastasis. The expression of miR-132 in BC tissues and T24 cells were detected. Based on the result that the mRNA levels of miR-132 in BC and BC cells were downregulated, we analyzed the role of miR-132 in BC cells metastasis and explored the potential molecular mechanism by evaluating the expression of EMT-related markers and EMT-associated signaling pathway.

Materials and methods {#S0002}
=====================

Tissue samples {#S0002-S2001}
--------------

Thirty-two BC samples were obtained from patients. This study was approved by the Ethics Committee of Shandong Jining NO.1 people's Hospital. Written informed consents were obtained from all patients. All experiments were performed in accordance with the Declaration of Helsinki. The patients' clinicopathological characteristics were summarized in [Table 1](#T0001){ref-type="table"}.Table 1Characteristic of patients with bladder cancer (BC)Characteristics**Total BC patients (N)**32**Median age (range), years**70.5 (47--91)**Gender** Male24 Female8**pT stage** pT13 pT28 pT314 pT45 Unknown2**Grade** Low12 High18 Unknown2**Operation** TUR-BT23 Total cystectomy9**NBE (N)**32[^1]

Cell culture {#S0002-S2002}
------------

Human BC cell lines (T24) and human normal urothelial cell line (SV-HUC-1) were purchased from Solarbio life sciences (Beijing, China). Cells were cultured in RPMI-1640 (GIBCO BRL,Grand Island, NY, USA) medium supplemented with 10% fetal bovine serum (FBS, GIBCO BRL, Grand Island, NY, USA) and maintained in a 37 °C and 5% CO~2~ incubator.

Cell transfection and group {#S0002-S2003}
---------------------------

The hsa-miR-132 mimics, hsa-miR-132 inhibitor and control mimics (NC) were synthesized from Invitrogen. The sequences were as follows: miR-132 mimics: 5′-UAACAGUCUACAGCCAUGGUCG-3′; miR-132 inhibitor: 5′-CGACCAUGGCUGUAGACUGUUA-3′. Cells in the logar-ithmic growth phase were cultured and the cell confluence reached to 50%, transfection was performed by Lipofectamine 2000 (Life Technologies, Grand Island, NY, USA). Cells were separated into three groups: control mimics (miR-132 NC, cells transfected with nonsense oligonucleotide sequence), miR-132 inhibitor group (miR-132 inhibitor, cells transfected with miR-132 inhibitor), miR-132 mimic group(miR-132 mimic, cells transfected with miR-132 mimic). The transfection efficiency was determined by qRT-PCR.

Quantitative reverse-transcription polymerase chain reaction (qRT-PCR) {#S0002-S2004}
----------------------------------------------------------------------

Total RNAs were obtained from BC tissues and BC cells using TRIzol reagent (Solarbio, Beijing, China). Reverse transcription and qRT-PCR for miR-132 was performed by using miRNAs qRT-PCR kits (Genep-harma, Shanghai, China). Reverse transcription and qRT-PCR for EMT-related markers and Smad2 were performed using PrimeScript™ RT Master Mix and the SYBR^®^ Premix Ex Taq™ II kit (TaKaRa Bio, Otsu, Shiga, Japan). The primers used were as follows: *N-Cadherin*, sense:5ʹ-TTCCATCCTGCGCGTGAAG-3ʹ, non-sense: 5ʹ-CGGCGTTTCATCCATACCACA-3ʹ; *ZEB1*, sense: 5ʹ-GCAGATGAAGCAGGATGTAC-3ʹ, non-sense:5ʹ-TCCATTTTCATCATGACCACT-3ʹ; *SNAIL*, sense: 5ʹ-GAGTGGTTCTTCTGCGCTAC-3ʹ, non-sense:5ʹ-TCCAGAGTTTACCTTCCAGCAG-3ʹ; *Vimentin*, sense: 5ʹ-ATTGCAGGAGGAGATGCTTC A-3ʹ, non-sense: 5ʹ-GGAT TTCCTCTTCGTGGAGTT-3ʹ; *SMAD2*, sense: 5ʹ-GACACACCGAGATCCTAACA-3ʹ, non-sense: 5ʹ-GAGAGCCTGTG TCCATACTTT-3ʹ; *GAPDH*, sense: 5ʹ-AATGAATGGGCAGCCGTTAG GA-3ʹ, non-sense: TCTGATTTGGTCGTATTGGGCG-3ʹ. Bar diagram presented the relative expression normalized to U6 and GAPDH, respectively. The results were figured up using the 2^−ΔΔCt^ method.

Scratch wound-healing assay {#S0002-S2005}
---------------------------

Single layer cells were scratched by a sterile pipette tip (200μl). Then, cells were flushed two times with 0.01M PBS, and subjected to a serum‐free RPMI-1640 medium for 24h. Scratched areas were photoed by a microscope (Olympus, Tokyo, Japan). Finally, the closure percentage were evaluated using the ImageJ software.

Cell invasion assay {#S0002-S2006}
-------------------

Transwell assay was utilized to observe the invasive property of T24 cells. The post-transfected cells were plated into the upper chamber, whereas the RPMI 1640 medium consisting of 10% FBS was supplemented to the lower chamber. After incubation for 24 h, the cells remaining on the upper membrane were discarded with cotton swab. The membrane was fixed in 4% polyformaldehyde and stained with 0.1% crystal violet for 15 min at 4 °C. Finally, invaded cells number were counted using photographic images.

Western blot analysis {#S0002-S2007}
---------------------

Cells were lysed with an RIPA lysis buffer (Solar life science, Beijing, China). Protein concentration was quantified by BCA Assay kit (Solar life science, Beijing, China). Proteins (100 μg) for each cell lysate sample were separated by 10% SDS-PAGE, which were then shifted to PVDF membrane (Bio-Rad, Hercules, CA). 5% BSA solution was used to block the membrane for 1h in room temperature. The primary antibodies were as follows: rabbit antibodies against TGFβ1 (1:1000; ab92486), Smad2 (1:800; ab63576), p-Smad2 (1:800; ab53100) and β-actin (1:1000; ab8227; Abcam, Cambridge, MA, UK) were incubated overnight at 4 °C. After washing in TBS containing Tween-20 (TBST) for 15 min, the membrane was incubated with HRP-labeled goat anti-rabbit (IgG-HRP, 1:1000; ab6721; Abcam, Cambridge, MA,UK) at room temperature for 2h. After washing in TBST for 15 min, chemiluminescent detection was performed using a Novex™ ECL Chemiluminescent Substrate Reagent kit (Thermo Fisher Scientific, Inc.). Protein expression level was detected using Bio-Rad Gel Doc XR + system (Bio-Rad, Hercules, CA, USA) and is presented as the density ratio versus β-actin.

Statistical analysis {#S0002-S2008}
--------------------

Statistical analysis was performed using SPSS18.0 software (SPSS Inc., Chicago, IL, USA). The data were presented as mean ± standard deviations (SD). Student's *t*-test was used to determine the statistical significance between the groups. Two-tailed Pearson's correlation was used to assess the relationship between miR-132 and SMAD2 expressions. *P*\<0.05 was considered significant difference.

Results {#S0003}
=======

miR-132 expression was downregulated in BC tissues and cells {#S0003-S2001}
------------------------------------------------------------

Our finding shown that miR-132 expression level was significantly lower in BC tissues by comparsion with the matched adjacent normal tissues by qRT-PCR (*p*\<0.01; [Figure 1A](#F0001){ref-type="fig"}). Furthermore, we studied T24 cell line and SV-HUC-1, the result shown that the mRNA level of miR-132 was also remarkably lower in T24 cells compared with SV-HUC-1 (*p*\<0.01; [Figure 1B](#F0001){ref-type="fig"}). These data suggest that downregulation of miR-132 may be related to BC or BC cells metastasis.Figure 1miR-132 expression in bladder cancer (BC) tissues and cells. (**A**) QRT-PCR analysis of miR-132 expression level in BC tissues is lower than in the matched normal tissues. (**B**) QRT-PCR analysis of miR-132 expression in normal human urethral epithelium cell is higher than in BC cells.**Note:**\*\**p*\<0.01.

miR-132 inhibited the migration and invasion of BC cells {#S0003-S2002}
--------------------------------------------------------

The miR-132 level of human T24 cells transfected with mimic control, miR-132 mimic or inhibitor was determined by qRT-PCR. [Figure 2A](#F0002){ref-type="fig"} and [B](#F0002){ref-type="fig"} showed that miR-132 expression in T24 cells transfected with miR-132 inhibitor was significantly decreased while transfection of miR-132 mimic remarkably increased the miR-132 level, compared to the NC cells. Next, we investigated the effect of miR-132 on metastasis of T24 cells by wound-healing assay and transwell assay. Scratch assay and transwell assay results showed that overexpression of miR-132 significantly inhibited T24 cells migration and invasion by contrast with the control group (*p*\<0.01), while miR-132 expression inhibition would occur the opposite effect ([Figure 2C](#F0002){ref-type="fig"} and [D](#F0002){ref-type="fig"}). The results demonstrate that miR-132 can suppress the migration and invasion of T24 cells in vitro.Figure 2miR-132 inhibited the migration and invasion of BC cells. (**A**) QRT-PCR analysis of miR-132 expression in T24 cells transfected with miR-132 inhibitor was decreased compared to the mimic control cells. (**B**) miR-132 expression in cells transfected with miR-132 mimic is increased compared to the mimic control cells. (**C**) Wound-healing assays indicated that upregulation of miR-132 inhibits bladder cancer cell migration (×100). (**D**) Transwell experiments showed that the upregulation of miR-132 inhibits the invasion of bladder cancer cell (× 100). **Notes:**\**p*\<0.05; \*\**p*\<0.01.

miR-132 decreased the expression of EMT-related markers {#S0003-S2003}
-------------------------------------------------------

To explore whether overexpression of miR-132 changes EMT, we examined the expression of EMT-related markers in T24 cell lines. The data revealed that miR-132 inhibition dramatically promoted the expression of EMT-related markers (N-Cadherin, Zeb1, Snail and Vimentin). Overexpression of miR-132 can significantly inhibit the expression of EMT-related markers (*p*\<0.05; [Figure 3](#F0003){ref-type="fig"}). These results suggest that miR-132 expression involves in EMT in BC cells.Figure 3The expression of EMT-related markers. (**A**and**D**) The mRNA level of mesenchymal markers N-Cadherin and Vimentin was elevated in miR-132 inhibited cells and was decreased in miR-132 overexpression cells. (**B**and**C**) The expression tendency of EMT-related transcription factors Zeb1 and Snail was the same as N-Cadherin and Vimentin in transfection cells.**Notes:**\**p*\<0.05; \*\**p*\<0.01. **Abbreviation: **NC, mimic control.

miR-132 downregulation promoted TGFβ1, Smad2 and p-Smad2 expression in BC cell lines {#S0003-S2004}
------------------------------------------------------------------------------------

To explore the potential mechanism of the EMT inhibition by miR-132 in BC cells, we have examined TGFβ1/Smad2 expression by Western blot. The results were shown that the expression of TGF-β1, Smad2 and p-Smad2 was significantly increased in T24 cells transfected with miR-132 inhibitor compared with miR-132 NC cells. Consistently, TGFβ1/Smad2 expression was lower in T24 cells transfected with miR-132 mimic than that in NC cells ([Figure 4A](#F0004){ref-type="fig"} and [B](#F0004){ref-type="fig"}). The results indicate that TGFβ1/Smad2 signaling pathway maybe promote the EMT in BC cells metastasis induced by miR-132.Figure 4TGF-β1/Smad2 signaling was active in miR-132 inhibited cells. (**A**) The protein level of TGF-β1 was upregulated in miR-132 inhibition cells while it was downregulated in miR-132 mimic cells. (**B**) Expression of Smad2 and p-Smad2 was increased in miR-132 inhibition cells and was decreased in miR-132 overexpression cells, compared to miR-132 NC cells. **Note:** \**p*\<0.05. **Abbreviation:** NC, mimic control.

Correlation of the expression of SMAD2 and miR-132 in BC tissues {#S0003-S2005}
----------------------------------------------------------------

As a type of conservative miR-132, miR-132-3p is predicted can combine to the 3′UTR of Smad2 on [www.targetscan.org](http://www.targetscan.org) ([Figure 5A](#F0005){ref-type="fig"}). To further determine the association between Smad2 and miR-132, the expression of SMAD2 in BC tissues was tested by qRT-PCR. The results showed that the expression of SMAD2 was increased in the tumor tissue ([Figure 5B](#F0005){ref-type="fig"}). The results revealed that expression of SMAD2 was significantly increased in BC tissues (*p*\<0.01; [Figure 5C](#F0005){ref-type="fig"}).Figure 5Correlation between SMAD2 and miR-132 expression in bladder cancer. (**A**) The prediction of combine state between miR-132-3p and the 3ʹUTR of Smad2 on the website of www. targetscan. org. (**B**) Semi-quantitative results showed the expression of SMAD2 was increased in the tumor tissue compared to in the matched normal tissues in bladder cancer patients. (**C**) The mRNA expression of SMAD2 in bladder cancer tissues was significantly increased in bladder cancer tissues compared to in normal tissues. (**D**) Correlation between SMAD2 and miR-132 expression was negative by Pearson's correlation analysis (r=−0.71, *p*\<0.001). **Note:**\*\**p*\<0.01. **Abbreviations:**N: normal control; T: bladder cancer patient.

Pearson's correlation analysis displayed the negative correlation between SMAD2 expression and miR-132 expression (r =−0.71, *p*\<0.001; [Figure 5D](#F0005){ref-type="fig"}). The results indicate that SMAD2 maybe one of the target proteins of miR-132 in BC metastasis.

Discussion {#S0004}
==========

Dysregulation of miRNAs was reported involves in many human tumor types, including BC. We detected miR-132 expression and demonstrated the miR-132 role in cells metastasis. Then we detected the EMT-related markers expression in miR-132 overexpression and downregulation of BC cells. Further, TGFβ1/Smad2 changes were explored in BC cells and correlation of SMAD2 and miR-132 was evaluated in BC tissues. Our data showed that the expression level of miR-132 was significantly reduced in BC tissues with lymph node metastasis and BC cells. The migration and invasion capability, EMT-related markers expression and TGFβ1/Smad2 expression were increased in miR-132 inhibited BC cells compared to miR-132 NC cells, and the opposite results were observed in overexpression of miR-132 BC cells. We found a negative correlation between the expression of SMAD2 and miR-132 in BC tissues.

Tumor metastasis is known as a common cause of lethality in cancer including BC. Patients with metastasis in BC cells often have a poor prognosis and high mortality.[@CIT0024] Therefore, the identification of biomarkers for BC with metastasis was very important. In our study, we found miR-132 was significantly reduced in the BC with lymph node metastasis. And cancer cells metastasis capability was increased when inhibiting miR-132 expression. The result was consistent with previous studies,[@CIT0025] suggesting that downregulation of miR-132 may be considered as a specific marker for early progression and prognosis of BC with lymph node metastasis.

EMT is one of the major molecular mechanisms promoting cancer metastasis.[@CIT0026] In the EMT process, the epithelial cells gain the morpho-logy of the mesenchymal cells and gene expression pattern.[@CIT0027] Micro-RNAs can induce EMT in cancer cells in many studies: miR-218 can inhibit EMT and invasion in cervical cancer;[@CIT0028] miR-139-5p was signifi- cantly correlated with the metastasis potential and drug resistance of colon cancer cells by affecting EMT;[@CIT0029] MiR-30a is an important miRNA modulating EMT and cisplatin sensitivity in gastric cancer cells;[@CIT0030] MiR-181a upregulation is associated with EMT in ovarian cancer cells.[@CIT0031]

In our study, we first found the expression of mesenchymal cell markers (N-Cadherin, Zeb1, Snail and Vimentin) were suppressed in miR-132 overexpression BC cells, that is, miR-132 can inhibit EMT in BC cells. TGF-β1/Smad signaling is an important regulating pathway of EMT and TGF-β1 induced EMT plays an important role in BC cells invasion. Based on the EMT-related markers results, we further explored the TGF-β1/Smad2 signaling in BC cells to clarify the mechanism of EMT-inducing by miR-132. TGF-β1, Smad2 and p-Smad2 were increased in miR-132 downregulated BC cells. As one target of miR-132, we observed a significant reverse correlation between SMAD2 and miR-132 levels in BC tissues and the results consistent with theoretical speculation. Thus, Smad2 and phosphorylation of Smad2 may be regulated by the expression of miR-132, then the expression of N-Cadherin, Zeb1, Snail and Vimentin were induced, which would promote EMT and BC metastasis. Therefore, our results indicated that miR-132 significantly inhibited the EMT in BC metastasis partly at least via TGFβ1/Smad2 signaling pathway.

In conclusion, miR-132 may play a suppressive role in the metastasis of BC cells by promoting EMT via TGFβ1/Smad2 signaling pathway.
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[^1]: **Abbreviations:** NBT, normal bladder epithelium; TUR-BT, transurethral resection of bladder tumor.
